Tissue sample preparation

149
Tissue sample preparation is probably the most critical step to obtain optimal sensitivity,
150
reproducibility and spatial resolution of the protein distribution in an MSI experiments 28, 29 .
151
Inappropriate sample preparation leading to protein degradation, signal interference by non-target Step sizes smaller than the spot size were found to generate lower quality 315 images when sampling with a laser which does not ablate all ionizable compounds from one spot. In 
341
The size of the MSI data collected on large tissue sections at high spatial resolution is large and ranges
342
typically from 1 to 100 GB and in extreme cases can reach 1 TB such as for 3D FTICR data, but 
366
The next level of data analysis is based on clustering similar mass spectra to determine how the spatial 367 distribution of the mass spectra clusters correlates to anatomic structures, a process called to the total ion current image (the sum of all ion intensities collected for one pixel) of MSI data 125 . 
501
The spatial resolution achievable with MALDI is ultimately restricted by the size of the laser spot 154 .
502
While it is possible to image with a spatial resolution less than the diameter of the laser beam by at sub-cellular resolution in mouse cerebellum tissue 155 . With appropriate sample preparation and 511 using 2,5-dihydroxyacetophenone as matrix, the transmission geometry principle was able to achieve 512 a 1 μm laser spot diameter on target with a minimal raster step size of 2.5 μm. This approach allowed 513 to produce mass spectrometry images of proteins acquired in a step raster mode at 5 pixels/s and in a 514 continuous raster mode at 40 pixels/s 156 , which is much faster than the 0. instrument allowed visualization of proteins of a molecular mass up to 27 kDa using this approach.
534
In another study, two highly expressed secretory epididymal proteins in a mouse caudal epididymis 535 tissue section were visualized, with a spatial resolution below 10 µm 92 .
536
Low spatial resolution MSI data can be combined with high-resolution spatial microscopic images should be applied for each specific location and m/z slice.
553
A study from Spraggings et al. 160 presents an ultra-high speed MALDI-TOF MS, which provides 554 image acquisition rates >25 pixels/s with high spatial resolution of 30 (full tissue section) and 10 µm
555
(only selected tissue areas due to time required to collect the data) and a high mass resolution MALDI
556
Fourier transform ion cyclotron resonance (FTICR) MS operated with 100 µm spatial resolution.
557
These novel instruments improve protein image acquisition rates by a factor of 10, can provide
558
MALDI MSI data at 10 μm spatial resolution with good sensitivity, and isotopically resolve proteins 559 up to 20 kDa. The data from these two instruments on the same tissue section could be combined e.g.
560
with interpolation similar to the image fusion approaches resulting in high spatial resolution and high 561 mass accuracy MSI data. 
Identification of intact proteins in MSI
563
Intact proteins can be fragmented in the gas phase outside or inside the mass spectrometer through and coworkers successfully performed IMS-MSI to localize and identify peptides of the glucose-637 regulated protein 78 kDa (Grp78), which is known as a tumor biomarker, directly from FFPE 638 pancreatic tumor tissue sections. Grp78 was found to be mainly located in tumor regions using 
739
Although MALDI MSI has a much lower lateral resolution than classical optical microscopy (<< 1 
771
The Tag synaptophysin, protein S100 (PS100) and human melanosome (HMB45), that are normally below the by the number of species available for first and secondary antibody pair production. Additionally,
802
new reporter tags were prepared, which differ from the previous tags at the level of the amide group.
803
This new class of tags has conjugated alkynes or substituted aromatic groups, which allow for tuning 804 the mass of the reporter tag and exhibit higher stabilization of the carbocation on the photocleavable 805 reporter tag. These structural improvements provide more stable reagents, which facilitates handling yet, but it provides the option to determine the distribution of low abundant proteins in tissue sections.
832
Yang et al. 202 developed an activity-based MSI approach using reporter mass tags, which provides 833 high spatial resolution, and high sensitivity through the use of signal amplification chemistry and high 834 target specificity (Figure 7) . In this approach, an activity-based probe (fluorophosphonate) that is 835 specific for serine hydrolases is attached to a dendrimer through click chemistry containing more than binding of the target protein with a primary antibody, followed by binding with a secondary antibody-842 enzyme conjugate. The substrate of the enzyme coupled to the secondary antibody is then added to 843 the tissue section, and the enzyme converts the substrate to a product, which can be detected by LDI.
844
The product is deposited at the location of the target protein by precipitation and the precipitates (e.g. 
863
Chemical Society.
865
The PC-linker reporter tag strategy in MSI has significant advantages. The ability to detect a wide 
Conclusions and Perspectives
876
The methods reviewed here emphasize the immense potential of MSI for studying the spatial 
